Epigenetics

EPIGENETICS IN CANCER CONTROL AND PREVENTION:
ARE WE READY FOR THE PRIME TIME?
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Epigenetics
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The two main components
of the epigenectic code

DNA methylation
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Methylation Code

Epigenetics:
Stable alterations in gene expression
by several mechanisms, excopt
nuciectide sequence changes
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The genetic information provides the blue print for the manufacture of all the proteins
necessary to create a living organism, whereas the epigenetic information
provides the instructions on how, where and when the genetic information will be used.

Qiu NATURE 441: 143




DNA and destiny
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Cancer Survivors

Estimated Number of Persons Alive in
the U.S. Diagnosed with Cancer by
Site

In 2010, there were estimated 13. 6 million
cancer survivors in the United States

It is estimated that by 2022, the population of survivors
will increase to almost 18 million.

ACS. 2012. Cancer treatment and survivorship facts and figures 2012-2013.
Siegel et al (2012). Cancer treatmen and survivorship statistics, 2012. CA Cancer J Cin 62: 220

Men (4.24 million) Women (5.31 million)



Cancer continuum

DCCPS covers cancer continuum

Prevention Early Detection
Tobacco, physxal actity, diet, sun, Breast, cervical, cologsectal cancer
crrviromumnent, HPY immuanizatson sreenang

Treatment Lifc After Cancer End of Life

Trords incamcer Sreatenent Finamcaal Hhumden of can<er care, Mortaley, Peorson vyeoars of Mo bass
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Cancer development

Cancer Development is a Multi-step Process

P
Catl Cytia Asphoms

Initiated Premalignant

Genetic alterations and the progression of colorectal
cancer

The major signaling pathways that drive tumorigenesis are shown at the transitions
between each tumor stage. One of several driver genes that encode components
of these pathways can be altered in any individual tumor. Patient age indicates the
time intervals during which the driver genes are usually mutated. Note that this
model may not apply to all tumor types. TGF-B, transforming growth factor—§£.




Paradigm shift

Paradigm shifts in genetics

1850 -1900 : Proto-genetics Mendelian inheritance
Darwin, natural selection

1900 -1950 : Age of genetics gene concept, mutation,
genotype-phenotype

1950-2000 : Age of DNA structure, genetic code,
genome sequence

2000 - : Age of epigenetics epigenetic code, epigenome,
epigenetic medicine




Genome landscape
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CANCER GENOME LANDSCAPE
Number of somatic mutations in
representative human cancers,
detected by genome-wide sequencing
studies

Adagted from Vogeistein and KinZler (Science 2013)



GWAS hits

Published GWAS Etiology Hits (2010)

e ~140 Loci marked by SNPs
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Cancer genes
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Genome sequence

There’s more to the genome than its sequence

chromatin fiber

4D Nucleome

Roadmap
Epigenomics,
ENCODE, IHEC

é histone miﬁcation
Human
Genome

Project=orn




Kornberg and nucleosome

Nucleosomes (Units of Chromatin)

H1 is a Iinker histone which binds
DNA

To neulralize charge and provide stability to the DNA linking two adjacent
Histones H2a, H2b, H3, H4 nudieosomal cores

Nuclieosome: two tums of DNA (146 base pairs) wrapped around an octomeric complex of two
of each of histone types

1974: Roger Kornberg discovers
nucleosome who won Nobel Prize
in 2006.

Ouplax DNA (béue) * \e !
Core of B rntone Molecules

Nucleosome

Shores are 0-2xb from islands
Shelves are 2-4 kb and enhancers are beyond shelves



DNA methylation

Unmethylated CpG Methylated CpG

. Activated Oncogenes
Inactivated Tumor Suppressors
Asad Umar NCI



Epigenetics

EPIGENETICS

Epigenetic alterations — changes induced in cells that alter expression of
the information on transcriptional, translational, or post-transliational

levels without change in DNA sequence

Methylation of Modifications of RNA-mediated

“‘ons

Shells and shores

cytosine DXNMT1
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Epigenome components

Components of the Epigenome

A Hypermethylation

ST
A

e

g e
&sTm
TINSS
S

Hypomethyiation

Sat

C oy
C.fos
C-réo ron
C. € o

Acciviation Deacetylation

/[ Non Coding RNA ]:::: Ac:::%'W¢~«

Oyt Couilrsew)

U
Viorrma (3909) In: H Geonorme Epidomioloqy. pp. 551-578 OFf ONTSODOIDIEST SRCP IS



Methylation

Transcription
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Chromatin modifications

Figure 1 : Modulation of covalent modifications on chromatin.
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Exercise

| Exercise is important for everyone |

You only need to sequence your genome once,
but you need to determine your epigenome
mu]tiple times... nHps://wwew. youtube comiwatch?v=JMTEORYQRTK




Environment and development

A. Epigenetics, Environment and Development

deacetylase 2 activity

Matemal Milic: immature, transient and mature (NK ratio & » » »

Foley et al. Am J Epid 169:389. from 0.8 10 1.2 10 2.0)) Sperm




Histone phosphorylation
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Aldehyde and nitric oxide. present in cigarette smoke induce
phosphorylation of histenes resulting in decreased histone
deacetylase 2 activity
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Endogenous factors
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Maternal Smoking during Pregnancy and DNA-Methylation in Children at Age 5.5
Years: Epigenome-Wide-Analysis In the European Childhood Obesity Project
(CHOP)-Study.

Roatas P, Saler |
Verdea E°. Ran E°

Toacsd Pesctaaley, 2016 Mar 2906 785, det 100103682 20 32
The effects of maternal anxiety during pregnancy on IGF2/H19 methylation in cord
blood.
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Epigenetic Biomarkers

Abstract .
Compeling ewv * Erwironmentally inducible
geres, insJsin-i
methylation. This

* Tissue- and cell-specific
= Factors that may affect the plasticity of human epigenome

Endogenous factors

Aging
> Smokang Oxidative stress
o Alcohol consumption Inflammation

o Physical activity Metabolic disorders

o Diet Hormone disorders
* Enwvironmental Pollutants



Cancer etiology

Understanding Cancer Etiology and Risk Assessment

Need healthy population (pathologically disease free) (cohort) with
information about

Exposure (Chemicals, Radiations, Infectious Agents, Toxic substance)
Family History

Diet and Life Style

Medication

Need easily collected biospecimens (non-invasive technologies) and analytic
tools

Need follow up (for longitudinal studies) for several years
Challenge: Expensive, data sharing

Advantage: Essential to identify risk factors for cancer



EGRP studies
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EGRP Studies Are Everywhere

- Senegal - Canada

- Malawi - Sweden

- The Zambia « Denmark

« China - France

- Japan - Costa Rica

- Egypt - Singapore

- lIsrael - Poland

- Brazil - Australia

- Colombia - U.S., including Alaska
- England & Hawaii

2.3 Million Subjects
Cohorts, CGN and Family Registries



Cohort consortium

The Cohort Consortium (CoCo)

e 62 cohorts, over 4 million individuals

- Membership: cohort studies worldwide with >10,000
subjects, blood samples and questionnaire data on
important cancer risk factors

 The Cohort Consortium was formed by NCI to address
the need for large-scale collaborations for

— Rapid identification and confirmation of common
polymorphisms and cancer susceptibility (GWAS)

— Studies of GxG and GxE interactions in the etiology
of cancer.



Toxic substances and the epigenome

Key toxic substances affecting the epigenome

Arsenic Induces genetic and epigenetic changes

Benzene Benzene and its metabolic product hydroquinone alter
methylation profiles and contribute to leukemia

Cadmium Induces hypermethylation of selected genes in lung cancer

Chromium Induces hypermethylation in lung cancer

Nickel Alters chromatin structure and induces histone acetylation

PFOS Affects prenatal methylation and regulation of GSTF17
and LINE/SINE sequences

PAHC Alters histone H3 acetvylation in breast cancer model

Uranium Contributes to leukemia

PFOS, Parfluorcociane sulionate
FPAHC, Palycyclic aromatic and halogenated compounds




Environment and child health outcomes
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Scientific goal

ECHO Scientific Goal

From

Answer crucial questions about the effects of

et
to
a broad range of early environmental bio
influences on child health and development. |

P ti’

https:// www.nih.gov/echo/pediatric-cohorts

Health outcomes throughout
childhood and adolescence



Developmental Life Stages

Developmental Life Stages
Preconception/Prenatal Anything prior to labor

Perinatal Labor through discharge (or < 1 month?)
Infancy 1 month through 11 months, 30 days
Early Childhood 12 months through 59 months

Middle Childhood 60 months through 11 years, 11 months
Adolescence 12 years through 18 (or 217?) years

Placenta, cord blood, nail, hair, saliva., urine

Matemal blood, milk before and after pregnancy



ECHO advantages

Developmental Life Stages

Advantages of ECHO Research Design

= Longitudinal cohorts — opportunity to examine repeated measures
-in utero

- early in life

- other transition periods
Look across multiple tissues in same person
Unifying/harmonizing epigenetic data with other data (including other omics data)
Potential for single cell analysis
Across generation

Placenta, cord blood, nail, hair, saliva, urine
Maternal blood, milk before and after pregnancy



Epigenetics and behavior
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The effects of maternal anxiety during pregnancy on IGF2/H19 methylation in cord
blood.

PA e | T1'2_ S horvic [{1 2, | X alt.e Rrehnk C'1~3_ Vs s rrin F‘1 2-4':{ Pansanbiv A "2, Colles F ":“ Burgnes I.:q"? Saffecy R'z,

Ryan 37267, 515 nvestigator team

+ Colilaborators (11)

# Author information

©

Abstract
Compelling evidence suggests that mataemal mental haeahth in pregnancy can influance fatal development. The imprinted
genes, insulin-like growth factor 2 (IGF2) and H19, are invalved in lelal growth and each = regulated by DNA
methylation. This study aimed to determine the association between matemal menal well-being during pregnancy and
differentally methylated regions {(OMRs) of IGF2Z2 (DMRO) and the IGF2/4H19 imprinting control region (ICR) in newborm
offspring. Matemal depression, anxiely and perceived stress were assessaed al 28 weeks of pregnancy in the Barwon
Infant Study (N=576). DNA methylation was measured in punfied cord blocod mononuciear cels using the Sequenaom

within your DNA that can be controlled by you, by your emotions,
beliefs and behavioral choices.”




Toxico epigenomics
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Toxicoepigenomics and Cancer: Implications
Be for Screening

Mukesh Verma
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Social epigenomics
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THROUGH EPIGENOMIC PROFILING BEFORE THE ONSET OF DISEASES, IT MAY BE POSSIBLE
TO TAILOR INTERVENTIONS TO PREVENT CHRONIC CONDITIONS OR DISEASES LATER IN LIFE




Epigenomics
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Loss (or gain) of gene function in cancer
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Loss (or Gain) of gene function in cancer

Most permanent Most dynamic
Deletion Point mutations Chromatin
Amplification Changes Transcription
Chromosomal Promoter Factor
Translocation Methylation Changes
(lg rearrangement) Silencing
e — ~ ~ Cell-cycle
Regulated
Genetic Epigenetic Changes
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Genetic mutations

Genetic mutations of epigenetic modifiers in cancer
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Baylin and Jones (2016)



Hypomethylation
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DNA methylation and carcinogenesis

DNA Methylation and Carcinogenesis

DNA Methyvlation
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Integrin signaling

Integrin Signaling Network and Epigenetic Regulation
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Methylation

= Tolal methylation content of the cell
= medihhfation level al specific stage
= medhhyfalion pattern of a group of genes

= profile of methylaion of either a specific gene
or a number of genes

= patiem of methylation in the whole epigenome

Laird Nat Rev Cancer 3:253 Nature Reviews | Cancer



Histone acetylation

Polycomb Repressor
Complax PRCland ll

Heterochromatin
Silenced histone code (SHC)

Histone coding for silencing | | Histone coding for transcription H3K9me
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Euchromatin Active histone code (AHC)
Steve Baylin



Micro RNA sighatures

Mirco RNA Signatures in Human Cancers
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Micro RNA methylation

Micro RNA Methylation in
Metastasis

Lujambio and Esteller”, Cell Cycle 8: 377



Extracellular vesicles

Veema o al BMC Chnicay) Foabhadogy (J015) 155
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Extracellular vesicles: potential applications in
cancer diagnosis, prognosis, and epidemiology

Mukesh Verma . Tram £im Lam, Fizabeth Hebert and Rao

r Abstract
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Histone modifications

® Phosphorylation 2'33" P:cu (mos.;'fu%::er Epigenetics
. Acetylation H3K4me3, Active promoter (Tollefsbol, T. ed.). Pp 347-457.
M Methylation H3K27ac, Active enhancers and promoters
4> Ubiquitination H3K4me1, Active and poised enhancers and promoters
. Stott H3K9me3, Heterochromatin 5
nyiation H3K27me3, Polycomb-repressed regions 20 15 14 1‘3
" . M

H1 s a linker histone which binds o he DNA , )
linking two adjacent nuclecsomal cores Based on htip://www.histone.com

and J. Nutr. 136:1763-1765



Histones
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Activating: e.g. H3Kdme3
Silencing: e.g. H3K9me3, H3K27me3



Histone H3 modifications

ALTERATIONS OF HISTONE H3 MODIFICATIOINS IN LIVER

DURING METHYL DEFICIENCY

H3IK9me3
H3IKS9me1

— i —— H3KSac
H3S10ph
H3
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interplay between H3IK9me3. H3K9Ac. and H3S10ph



Epigenetic regulation

- ) ] _ Acetylation
Di-methylation Trn-methylation
DA Reprassion - -- -
H3K4 Aclivation Activation Activation -
Hislone
H3IK9 Activation Repression Repression Aclivaton
H3IK27 Actlivation Reapression Reprassion -
H3IK36 -- Repair Actvation Activation
Actvation
H3IK79 Activation Acdivation -
B Repression
H3R17 -- Adivation -- -
H4KS = — - Activaton
HAKS -- - -- Lclivaton
H4K12 = - - Adlivation
H4K16 — — - Activaton
H4KZ20 Aclivation Adivation Reprassion -
HLK16 - - - Activation




Single cell epigenomics

SINGLE CELL EPIGENOMICS

Identify open and dosed chromatin

Single cells isolated from

Blood Identify cell-specific transcription factors
Breast milk

Exf_ohated cells Single Cell Determine nuct position

Hair Epigenomics

Oral swab ) . _
Pancreatic fluid only ackve oud repressive

Saliva

Skin

Tissue

Urine Implications of single cell epigenomics

Risk Assessment to identify high-risk individuals
Diagnosis

l

1. Methylation profiling .

2. Histone modifications Prognosis

3. miRNA profiling Screening

4. Chromatin Accessibility Follow up treatment and co-morbidty




Histone modifications

20 Diagnosing Cancer Using
Histone Modification Analysis

Mukesh Verma and Deepak Kumar
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Epigenetic changes
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“Epigenetic changes are

reversible, and therefore have an

edge over genetics™ :
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Epigenetic drugs

gijv K L O 900 v riton ms s i om e s 0md 101 KN TS s

s et vkt @ Gomemg Sortrd . Litetrwetirer S/ Meted Covorer 2 Pstet eme L~ “Successful approval of first

oy ~ Py e X .

DO 0 DrOgrarmmes | 5 airoady’ 303 c0d 10 T kN gar 293 8aNang Coaos
DUT SYElr TEENES 668 US 1O THS (505 1O TE53 [r0sCts [0 Qananale g oesé
NSO T |7':f4‘( OIS, Shew SO0

drug company to invest in cancer
epigenetics.™
Mukesh Verma
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Exfoliated cells

DNA-Based Cancer Diagnostics

Exfoliated Cells are Good Source of DNA
to Study Epidemiology

CANCER DIAGNOSIS,
RISK DE'?;E#TON PREDICTION &
ASSESSMENT PROGNOSIS

PREDISPOSITION DYSPLASIA CARCINOMA




Tumors and epigenetics

Tumor Types
and Genes
Regulated
by
Epigenetic
Mechanism
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Histone enzymes

Calegory

Cagory

Sirtuins are a growp of

deacetylase
and antl apoptots
innvbon properties

Vermes snd Srivastsva (2002
Lancet Oncal. 3 755-363;
Vermes et ol (2004)

Orie Rev. Clin Se.

41 S8S5-S07,

Vermes snd Maaine (2006). Crit
Rewv. Hemmutol Omeol 600 9-18,
Verres et o (2005) Mol Disg
Theeapy. 1O 1-15



Epigenetic drugs
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Methylation and acetylation enzymes




HDAC inhibitors

- HDAC inhibitors are a novel class of anticancer drugs
that mainly leads to an accumulation of acetylated
proteins

Thereby inducing

- Cell cycle arrest

- Differentiation

- Migration

- apoptosis in cancer and transformed cells

- Few HDAC inhibitors act as radiation-sensitizing drugs
resulting in better radiation therapy (head and neck
cancer) responsiveness

HDAC 1, 2, 3, 8, 11 have been characterized (Khan, | , 2007)




Phase | study

Phase | study of epigenetic modulation with S5-azacytidine

and valproic acid in patients with advanced cancers.
Braiteh F, Sofdano AQ, Garcia-Manero G, Hong D, Johnson MM, Silva Lde P, Yang H,  Alexander S, Wollf J, Kurzrock R.
Clin Cancer Res. 14(19).6296-301. (colorecial cancer, melanoma and breasl cancer)

gézsdc'yt‘i:i:':m” * The maximum tolerated dose was

bt 75 mg/m(2) of 5-AZA in combination

- — .' m"“’m‘;"d with valproic acid.

Valproic Acid Ll +» Dose-limiting toxicities were
Oraily dady to Strate neutropenic fever and thrombocytopenia,
1o 75-100 wg/imi mi:omza which occurred at a dose of 94 mg/m(2)
. ‘ of 5-AZA.

28 Days Cydle

» Stable disease lasting 4 to 12 months

{median, 6 months) was
observed in 14 patients (25%).

55 people with
Advanced cancer
Medan age 60

A significant decrease in global DNA methylation and induction of histone acetylation
were observed.

The combination of 5-AZA and valproic acid is safe at doses up to 75 mg/m(2)
for 5-AZA in patients with advanced malignancies.



5-azacytidine, valproic acid and ATRA

Safety and clinical activity of the combination of 5-azacvtidine,
valproic acid, and all-trans retinoic acid in acute myeloid
leukemia and mvyelodysplastic syndrome.

Soriano el al. Blood. 110(7):2302-8.

- Combination of S5-azacitidine (5-AZA), valproic acid (VPA), and
ATRA in patients with acute myeloid leukemia or high-risk

myelodysplastic syndrome.

= A total of 53 patients were treated.
= The overall response rate was 42%.

= A significant decrease in global DNA methylation and induction of histone
acetylation were achieved.

= VPA blood levels were higher in responders.
= The combination studied is safe and has significant clinical activity.

This clinical trial was registered at www.clinicaltrials.gov as no. NCT00326170.



Histone inhibitors

Histone Inhibitors in Clinical Trials (Clinicaltrials.gov)

STATUS STUDY

Rocruiting | Safety Study of the Histone Dsacetylase Inbsbitor, CHE-3996, iz Patients Wits .-uh-a

Rocrustimg Phase II Stady of Histone-Deacetylase Inkibitsor ITF2357 i= Refractory/Relapsed Lymph 5c Lewkem:a

Rocrustimg phll Study of an HDAC Izhibitor in Very High-Risk Relapsed Refractory Hodg

Rocrustimg Phase ITA Study of the HDAC Inkhibitor ITF2357 1= Pasexts Witk JAK -2 V61 7F Positive Chromic Myeloprolifarative
Daseases

Reocrustinmg Phase II Trial of the Histone-Dsacsetylase Inhibitor ITF23 57 Followsed by Mechlorethamine in Relapsed Refractory
Heodgki='s Iymphoma Patisnts

Recrusting e e Vonizostat (SAHA) With Capecitabine (sloda) Using 2 New Weekly Dose Regimen for Advazced

L. | Brsast Cancer
Recruiting Valproic Acid. Teamozolomidse, and Radiatiom Therapy in Treating Patiants U pIEns

Reocrusting Stady of Vorinestat (MEOSES), an HDAC Inkibitor, in Combanation With Sortezomuib iz Patients Witk Relapsed or
Raefactory Mulople Mysloma

Completed A Phase II Study of Epizenetc Therape 2o O-precamo Chemotherapy Resistance 1= Rofractory Solid Tumsors

Raocruities | Sorsfenit sod LEHES Aaiigpstocellular Carcimoma (B

Recniting Phase II Stady of Valproic Acid Witk FEC100 for Patisnts With Locally Advazced Breast Cancer

Total : 84 studies

http://clinicaltrials.gov/ct2/results?term=histone+inhibitors&pg=4



Methylation inhibitors

Methylation Inhibitors in Clinical Trials {(Clinicaltrials.gov)
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Epigenetic inhibitors

FDA Approved Epigenetic Inhibitors
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Approved epigenetic drugs
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Epigenetic drugs
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Combination therapy

AML subtypes and combination therapy

@ Pharmaceutical Participation

AML Subtype Drug | Compan

Tet2/WTI CD33 + Aza Bl
IDH2 Mutation Enasidenib Celgene
MLL Entospletinid (Syk inhibitor) Giead
CBF Samalizumab (CD200 Ab) + induction Alaxion
P53 mutation Entospletinid (Syk inhibitor) + Decitabine / Gilead
P53 mutation Pevonedistat (Nedd8 inhibitor) + Aza Takeda
Marker Negative CD33 + Aza B1
NPM1wFLT3IWT Entospletinidb (Syk inhibitor) Gilead
FLT3 mutation Gilteritinib / Astellas
IDH1 Mutation lvosidenib + Aza Agios
Source Leukemia & Lymphoma Saciety

Cancer lellers 17 July 2018



Low doses of DNA-demethylating agents
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Transient Low Doses of DNA-Demethylating Agents
Exert Durable Antitumor Effects on Hematological
and Epithelial Tumor Cells
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Intervention

Potential Steps for Intervention

Smad4 (ch.18q21-18tel)

APC (ch.5g21)

A Model for Colorectal Tumorigenesis

Modified from Jobb ot al J Park. 195: 111.



Microsatellite instability

CpG island methylator phenotype underlies sporadic
microsatellite instability and is tightly associated with BRAF
mutation in colorectal cancer
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Tumor clusters

|dentification of tumor clusters.

ol rectal GCaNnGor Cavsaes

KRAS mutation indicated by a red rectangle overiaying the branch,
BRAF mutations indicated by a green rectangle
MSI-H cases designated with a blue rectangle.

Natwe Genetics 38, 787 - 793
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Methylation analysis

Prediction of Tumor Class based on
Methylation Analysis (AML and ALL)

National Cancer Institute

— ' AML Acute Myeloid Leukemia
ALL: Acute Lymphoblastic Leukemia

Adorfan el al Nuc Ac Res. 30: e21



Epigenetic markers

Epigenetic Markers During Lung Cancer Progression

Annexin | and ||
pG63

RARbDeta, S —
megetel Genes hypermethylated in individuals with

RASSF
smoking history:

CDKNZ2A, RSSF1A, ARH1, MGMT,
RARDeta

Steven Belinsky



Mesothelioma

Unsupervised clustering of average {beta} values in tumor and
nontumor pleura

ASBESTOS MESOTHELIOMA

803 cancer
relaled

158 pleural
mesothalioma
with minimum
mutation

18 normal

of survival

Christensen, B. C. et al. Cancer Res 2009,69:227-234

Epigenetic Profiles Distinguish Pleural Mesothelioma
from Normal Pleura and Predict Lung Asbestos

Burden and Clinical Outcome
Cancer Research



Epigenetic pattern

Epigenetic Patterns in
the Progression of
Esophageal
Adenocarcinoma
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Cancer Progression

Risk factors

+» Gastroesophaegeal
Reflex Disease (GEPD)

« Smoking

» Hihger Body Mass Index
(BMI) or ocbesity
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Esophageal cancer

Esophageal Cancer: Probability of Survival

<=50 Genes Methylated
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>S50 Genes Methylated

12 18
Months Since Surge

Brock el al. Clinical Cancer Resaasrch. ©: 2012



Pancreatic cancer

Pancreatic Cancer: Methylation of
P14ARF and p16INK4a

Pancreatic Carcinoma (PCA) : 39 19/39 p16INK4a
Chronic Pancreatitis (CP) : 16 0/16 p16INK4a

Normal Pancreatogram (NAD) : 6 0/6 p16INK4a

L S

A PTA S A a2 o= 2] -
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Sample: Pancreatic Fluid

(Klump et al. Mol Cell Path 88: 217)




romatin states

Distinct chromatin states of

human PDAC

NATURE COMMUNICATIONS | (2018) 91978
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Breast cancer

Breast Cancer Response to Tamoxifen Treatment by
ESR1 Methylation

Preinvasive lesions, often designated as “in situ” or
“intraepithelial neoplasia” falls in the domain of
prevention.

Ductal carcinoma in situ (DCIS) lesions, detected in
screening are generally treated aggressively, although
all DCIS do not lead to breast cancer (over treatment).

Methylation profiling of DCIS lesions can distinguish
aggressive from indolent DCIS.

Widschwendter et al. Cancer Research 4, 3807




Methylated genes

CDKNZ2ZA
CDH1 Genes Methylated in Oral Cancer
MGMT

DAPK1

P14 ARF

CDKN2B

RARB

RASSF1

MLH1

FHIT

TP73

SERPINBS

DBC1

DCC




Immune system and epigenetics

Immune System and Epigenetics

Shin HJ et al
Links STAT4 expression in human T cells is regulated by DNA methylation but not by

rphism.
J Immunol. 175(11 )7 143-50.

Espinoza CR, Feaneay AJ.
The extent of histone acetylation correlates with the differential rearrangement frequency

of individual VH genes in pro-B cslis.
J Immunol. 175(10).6668-75.

Gasche JA, Hofimann J, Boland CR, Goel A
Interleukin-6 promotes tumorigenesis by altering DNA methylation in oral cancer cells.
Int J Cancer. 2011 Sep 1,12(5):1053-63.

Fujisawa T, Joshi BH, Puri RK.
Histone modification enhances the effectiveness of IL-13 receptor targeted

immunotoxin in murine models of human pancreatic cancer.
J Transl Med. 2011 Apr 8,9-37.

Tahara T et al.
Association between IL-17A_ -17F and MIF polymorphisms predispose to CpG island
hyper-methylation in gastric cancer.

int J Mol Med. 2010 Mar, 25(3):471-7.




Biomarkers

Epigenomics Grants Predictive
Biosciences Rights to Use a Bio-

marker in a Prostate Cancer Test on in Prostate Cancer

Epigenomics [www.epigenomics.com)
granted Predictive Biosciences (www.pre
dictivebiosci.com) a nonexclusive license
to use its prostate cancer DNA methylation

biomarker, mGSTP1, for the development Seattle, WA, U.S.A., February 25

and commercialization of a laboratory test

to help in the diagnosis and management G (Frankfurt, Prime Standard: ECX),
of prostate cancer. The agreement follows agnostics company, today announced

a similar deal covering mGSTP1 signed

with Quest Diagnestics (www.questdiag- ) @ Non-exclusive licensing agreement

ug detoxification enzyme which

nostics.com) in February 2009. = arker :

Quest Diagnostics Incorpor: | |
Human Breast Cancer - Sgrulume Fane MeAH-g11 $§ 439

leading provider of diagnoOSt | oo s e - <o fae e
- Human Lver Cancer - Soourure Paney MaA)+-331 $ 259
Services. Human Lung Cancer - Sguature oo MeA341  § 259
Human Prostate Cancar - Spaunrs Pans Med4-051 § 250

Human Stem Coll Transcription Faciors - Spanes MaA~-511 $ a0

Human nfammatory Response - Spwrur Pared MaAM-5321 $ 329

Humaa T Cell Actvalion - Sgrataw Parel $ 339

Humaa Oytoldne Production - Sguates Paoei PAsAM- 521 $ &9

inNJusre

®  Metyd Frofier FOR 2xaes am svalobie o Sigratwe




Bladder cancer methylation

Bladder Cancer

e

Methylation of LAMC2 in Exfoliated Cells
* Isolated from Urine
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CpG island hypermethylation

Clustering of Sample Type by
CpG Island Hypermethylation
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Cluster Analysis of 365 Human Samples with S0 DNA Methylation Markers




Diet and cancer

DIET AND CANCER: FOCUS ON PREVENT ION

Cancer is principally causcd by ecnviccnmental

dict and factors rclated to dict, including body
mass and physikcal activity, and cxposures in the

workplace and claowhoere.

Botwoeon 20% and 40% of cancor casces

th roughout the world arc preventable by feasible

dictary mcans.

- Understanding the determinants of the carliest
detectable phenotypes in intiated cclls

- Uncovering the mokecular mechanisms of action
of dictary nutricnts Icading to cancoer formation

and provention

- Defining cffects of dictary compounds not only
on canceraeells but on normal and prencoplastic

oells

- Datermining factors that can modulate offect of
ya- Pag- oy dict




Methyl deficiency

METHYL-DEFICIENT MODEL OF ENDOGENOUS
HEPATOCARCINOGENESIS

Chronic deficiency s the methyl donges methionine ohaline, folic acid
and vilamin 8,

Ne SX0NN0UE SAICN0Qen S330d
No oenelic mgrigyiation

Hopatocallpiar carcimoma In 1496 month= In male rats and coartain
mouse sirains

Sequence of patho legical <hanges sl 10 B Savalogment of
hepatocellular carcinoma in bumans

Normal Ussue 36 wwmbn, GETnJdock »54 weasks, GETrr-lumor Livwr lurmos
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Anticancer phytochemicals

ANTICANCER PHYTOCHEMICALS
(Representative chemopreventive phytochemicals and
their dietary sources)

Surh. Nalure




Epigenetic foods
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Research opportunities

Research Opportunities and Challenges

Will inclusion of epigenetic markers help in identification of new risk

factors (modifiable factors and host factors) in different races and ethnic
groups?

Will epigenetic markers in cohort and case-control studies improve
sensitivity and specificity of markers and help in identifying high-risk
populations?

Are genetic and epigenetic events correlated during cancer
development?

Are there race/ethnicity specific miRNAs and noncoding RNAs?

How can we use this information for define rsu tego ?

How can we overcome EWAS technical challenges?




Research challenges
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Research Opportunities and Challenges

Can we predict cancer recurrence or secondary cancer development
based on epigenetics marks (or in combination with other cmics marks)?

Why is it difficult to harmonize epigeneltic data with other omics data
sets?

Is there a window of susceptibility of exposure? How can we develop
epigenetic approaches to intervene?

How to avoid activity of DNMT and HDAC inhibitors on normal cell
functions?

What is the role of non-histone proteins in gene regulation?

How to target cancer stem cells using epigenetlic approaches?

How much microbiome-specific metabolites can affect epigenetic
regulation? How effective are probiotics in cancer prevention?




How to address challenges
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How are we addressing these challenges?

National Cancer Institute
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Personalized medicine

AMnioviow

Epigenetic Raesaarch in Cancer Epidemiology: Trends,
Opportunities, and Challenges
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Epigenetics roadmap

I Epigenetics Roa dmapl

T T hepras "_'71 - e
——— 1;,/"?_;. SN Cummulative Roadmap Epigenomics Program
{ ;. g Publications a» of Auguat 4 2017
AR O ‘. \l ’
N 1040 total
——
se= e i
PR g e :T:: o Lister et o). 2008
P— : o0 MethyIC-meq
T~ “u A cited 1345 times
! ‘/ )‘l J ! poy o P 2 f— e Mvacacoes
i \ = =2 ’
- Erw of Yeor 10
- Bagd 22, Do
> >=, LAs wbitbermh o ,r*‘/] I

"F?y/
N
Copmyeihe U 5o Mstaw VM *q
Pt B Bt |

E praangatically Roegulatid Disagsas:
Saearal canoarrs, autoimmuna Tha NIH Roadmap Epranomies NMapping Tonsortivm
ww3s launchad weith tha gaal of prodoecing a public rssourca

disordars, raprodoctva disordars, s
ard nauroba harioral arnd cognitrea of human apanomiee dats to catalyea baske bology and
o ksassa-oriantsd raessarch.

dysfunctons
httpi/nlhroadmap.nlh.govieplgenomlcs/s




EEY -

= e

s Asse gy

el (Hﬁr-@

\I‘-.'-c reroasl ot -\

oabderwd pruly (' d -
Siteraes o _%.?)
d

Cumulative Roadmap Epigenomics Program
Publications as of August 4, 2017

1040 total

2011 213

f Year ' f ACCOUNTING
Koy NP4 Maeting “ End of Year 10 e

March 2009 Sept 30, 2018 ~ -

as
Cm b crEBbaocy

e e aant

THE STARS
Choremaocd o o o
N L e s

. l ll_!'l -




IHEC

L TS S

Moy Qecliwmess el teip

[ L

= s ) |

L=l
> - v

b Garng seaens Gl ckrs ecwec . Luezieadcec | Be O Decmestc . || pagetacrorecand

-7 e P Aot tesesch CMITCCTwES fpigenomiKs Peraws* Evers ks

The International Human Epigenome
Consortium {| HEC) unites scdentists from
all over the world working together to
achieve ane common goal:

iphering 1000 epigenomes.

ews+Events

- -
S — - ‘
G@)MA _
— — ”.‘
-
B SATDNE Oud Ty ST MO d L an U o Dl e U RN MO S S g huren Nesath a9 B 1T YT D O CONFSranic et sor s inacs,

Wi - Pecscears Ousced. | 0t e Monarkes restng . - | 5 ] Cancer apigeaesc srce. . | (G moceat bomseane -[-. |[ @ wbceewe te e - mi.




Molecular profiling
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Ongoing programs

Other Ongoing Programs

Chinical Centers (UO1)

6&-7 awards, total costs
543 000,000
1. Moonshot

2. All of US

Consortium Coordinsting
Center (U24)

3. PCGA

1 award, total costs: S10,.0
Preclinical Animal Study Sites (U

4. TCGA

i awarcs, t al co

Second set of Preclinical Arvimal St

6-7 four-year awards

Tissue Samples
Human blood, muscle, adipose
Animal heart, liver, lung, brain




Mukesh Verma, PhD
vermam@mail.nih.gov




